R emoval of the zygomatic arch is becoming more and . more common in approaching the vascular and neoplastic lesions in the cavernous sinusjpetroclival area or in the interpeduncular fossa (3, 4, 11, 13, 27) . The risk of injuring the temporal branch of the facial nerve (frontotemporal branch of the facial nerve (29] ), already known to be present in the simple pterional route, is increased in the transzygomatic approach because of the exte••sive soft tissue dissection necessary to completely expose the zygomatic arch. Injury of the temporal branch of the facial nerve may result in a cosmetically bothersome appearance as a result of paralysis of the frontalis, orbicularis oculi, and conugator supercilii muscles. Preservation of the temporal branch of the facial nerve requires a clear understanding of its course and of its relationships with the multiple galeal-fascial layers o~the temporal region. Yasargil (28) described the surgical anatomy relevant to the preservation of the temporal branch of the facial nerve during a pterional craniotomy. His recommendations have, however, generated results that are not always reproducible, probably as a result of the complex fascial anatomy of the temporal region (5, 9) . The purpose of the present study is to define clearly the course of the temporal branch of the facial nerve and to study its relationships with the fascial planes of the pterionaljzygomatic region to provide a clear anatomical base for its preservation during neurosurgical exposures.
Dissections were performed bilaterally in 10 embalmed cadaveric heads in which the cranial vascular system had been injected with silicone-colored material.
The subcutaneous tissue, galea, superficial temporal fascia, deep temporal fascia, temporalis muscle, parotidomasseteric fascia, and parotid gland were carefully dissected, and the facial nerve was exposed from the parotid region to the point where the uppermost ramus of its temporal branch enters the frontalis muscle. To evaluate objectively the individual variability of the temporal branch of the facial nerve, a line starting at the lateral canthus and ending at the tragus was arbitrarily chosen and two points were measured in reference to this line: 1)the bifurcation of the temporal branch of the facial nerve into an anterior and middle (frontal) ramus (28) (Fig. 1) ; and 2) the point where the FIGURE 1. The skin flap, the reference line, and the peripheral course of the facial nerve are shown. The temporal branch of the facial nerve bifurcates below the zygomatic arch and below the reference line. 1, bifurcation of the temporal branch of the facial nerve into an anterior and middle (frontal) ramus; 2, uppermost twig of the middle (frontal) ramus. uppermost twig of the frontal ramus enters the frontalis muscle (Fig. 1) .
A question-mark skin incision starts in the frontal hair line close to the midline, extends backward in the posterior frontal region, and then curves downward to end below and in front of the ear (Fig. 1) . The ga!ea is dissected from the superficial temporal fascia in the line of the skin incision down to the zygomatic arch where the galea becomes continuous with the subcutaneous tissue. The parotidomasseteric fascia is then identified below the zygomatic arch. The facial nerve is 'exposed as it exits the stylomastoid foramen and then followed inside the parotid gland; its bifurcation into the cervicofacial and temporofacial branches is identified. Further, the division of the temporofacial into the zygomatic and temporal branch is exposed (Fig. 1) . The bifurcilion of the temporal branch of the facial nerve into an anterior and middle ramus (Fig. 1) and the uppermost twig of the middle (frontal) ramus are identified and their position noted with respect to the reference line. The FIGURE 2. The intrafascial (between the two layers of the superficial temporal fascia) and the subgaleal fat pads are shown in this illustration. Above the zygomatic arch, the temporal branch of the facial nerve is located in the subgaleal space, intermixed with the subgaleal fat. It then pierces the galea to enter its target muscles. point where the temporal branch of the facial nerve pierces the parotidomasseteric fascia to becQme subcutaneous is also noted. In exposing the whole course of the temporal nerve, a scalp flap is developed in the subgaleal space (Fig. 2) . At this stage, the temporalis muscle covered by the superficial temporal fascia is fully exposed from the superior temporal line to its attachments on the lateral wall of the 'orbit· and on the • zygomatic arch. The superficial temporal fascia is incised at the upper border of the temporalis muscle and separated from the muscle. The insertions of the fascia on the frontozygomatic bone (frontal process of the zygomatic bone and zygomatic process of the frontal bone) and on the zygomatic arch are released. The duplication of this fascia over the anterior onefourth of the muscle is incised, and the fat pad concealed between these two layers is exposed (Fig. 3) . The temporalis muscle covered by the thin deep temporal fascia is then separated from the frontozygomatic bone. The zygomatic arch may then be transected and the temporalis muscle retracted inferiorly, revealing the temporal fossa covered by its periosteum.
Galeal-fascial layers
The galea is present as a separate dissectable layer down tõ e zygomatic arch, where it blends with the subcutaneous tissue. However, the galea thins out significantly as the zygomatic arch is approached. The distal superficial temporal artery ZygomaticarCh!, !)
, FIGURE 3. This illustration highlights the fat between the two layers of the superficial temporal fascia (intrafascial fat pad).
stem and its branches remain always in a subcutaneous plane, and the temporal branch of the facial nerve is always anterior to the superficial temporal artery trunk. In dissecting the scalp flap, either the posterior or the anterior division of the superficial temporal artery needs to be transected.
The superficial temporal fascia lies subgaleally and covers the temporalis muscle. It is a thick fascia, and it is always easily identifiable as a distinct layer. Superiorly and posteriorly, it attaches to the superior temporal line, being continuous with the periosteum (Fig. 4) . Anteriorly, it attaches to the frontozygomatic bone, and inferiorly, it attaches to the zygomatic arch. Below the arch, it is continuous with the parotidomasseteric fascia. In the anterior one-fourth of this fascia, two layers can be recognized in between which there is a fat pad, a small artery and vein, and occasionally, a nerve twig (Fig. 3) . The temporal branch of the facial nerve lies superficially to the superficial temporal fascia (Figs. 2, 3, 5) . The two layers of this fascia attach to the anterior portion of the zygomatic arch and to the frontozygomatic bone in a parallel fashion, with the deep layer located behind the superficial one (Fig.  5) . The deep temporal fascia is nothing else but a thin loose connective tissue sheath that envelopes the temporalis muscle (fascia propria). Beneath the temporalis muscle there is the periosteum of the temporal fossa. This periosteal layer is continuous superiorly, above the superior temporal line, with the frontoparietal periosteum (Fig. 4) .
Fat pads
There are three fat pads over the anterior one-fourth of the temporalis muscle. There is a fat pad located in the subgaleal space that is continuous with the subcutaneous fat below the zygomatic arch (Fig. 2) . The second fat pad, the temporal adi- pose body of the German authors (19) , is intra fascial, located in the duplication of the superficial temporal fascia (Figs. 2 and  3) . The third fat pad is located beneath the superficial temporal fascia, between this fascia and the temporalis muscle. This fat pad surrounds the anterior-inferior portion of the temporalis muscle and is'continuous with the fat tissue of the infratemporal fossa, the orbit, and the check (Fig. 4) . This fat pad encircles the anterior border of the temporalis muscle extending on its medial aspect and forming a fat-filled space between the muscle and the temporal squama in which the deep temporal vessels and nerves are located.
Temporal nerve course and measurements
The division of the temporofacial nerve into the zygomatic and temporal branch takes place inside the parotid gland (Fig.  1) . The temporal branch of the facial nerve pierces the parotidomasseteric fascia always below the zygomatic arch and then immediately divides into its terminal rami-anterior, middle, and posterior (29) . The anterior ramus innervates the corrugator supercilii and orbicularis oculi muscles, and the middle one (frontal ramus) innervates the frontalis muscle. The posterior ramus, for the variously developed anterior and superior auricular and tragus muscles, does not have any practical importance in man.
The point where the temporal branch of the facialnerve gives off the anterior and middle rami is located 1.1 em (mean value) below the reference line (range, 0.5-1.9 em) and 2.4 em (mean) anterior to the tragus (range, 1.5-3.5 em). The point where the uppermost twig of the frontal ramus pierces the galea to enter the frontalis muscle is located 2.4 em (mean value) above the reference line (range, 1.0-3.7 em) and 1.5 em (mean value) posterior to the lateral canthus (range, 0.5-3.6 em).
Relationships between the fat pads and the temporal nerve
The temporal branch of the facial nerve is located in the same plane as the superficial fat pad, both being in the subgaleal space. T~e temporal branch is located superficial to the intrafascial arid to the deep fat pad (Figs. 2 and 3 ). However, a few times, we observed a sizable twig of the middle division of the temporal branch of the facial nerve (frontal ramus) going into the intrafascial space and then entering the frontalis muscle.
Relevance of the course of the temporal branch of the facial nerve to neurosurgical exposures
The temporal branch of the facial nerve is involved in the soft tissue dissection plane of all the approaches that involve retraction of the anterior portion of the temporalis muscle to expose the lateral cranial base of the anterior cranial fossa and of the middle fossa. Among others, the pterional approach and its numerous modifications (2, 16, 21) as well as the various transzygomatic approaches (3, 4, 11, 13) , all must deal with the temporal branch of the facial nerve.
Injury of the temporal branch of the facial nerve results in a cosmetically important paralysis of the frontalis, orbicularis oculi, and corrugator supercilii muscles. With the exception of the work done by Yasargil et al. (29) , little or no attention has been paid in the neurosurgical literature to the course of the temporal branch of the facial nerve, while at the same time, the importance of its preservation has been recognized (10, 24) . Preservation of the temporal branch of the facialnerve depends on a clear understanding of its relationships with the complex soft tissue anatomy of the temporal-zygomatic arch region.
Previous studies dealing with the course of the temporal branch of the facial nerve
Several studies in the ear, nose, and throat and plastic surgery literature have addressed the course of the temporal branch of the facial nerve and the strategies to preserve it (6-8, -12, 15, 17,20,22,23,25) . Among others, Furnas (12)recommends staying above the temporal root of the zygoma, 1 em posterosuperior to the anterior hairline at the zygomatic arch, and 2.0 ernposterosuperior to the lateral edge of the eyebrow. Pitanguy and Ramos (22) used a line connecting a point 0.5 em below the tragus with a point 1.5ern above the lateral extremity of the eyebrow to plot the course of the temporal branch of the facial nerve. Correia and Zani (8) located the temporal branch of the facial nerve in an area marked by two divergent lines extending from the the earlobe to the lateral end of the eyebrow and to the highest forehead crease, respectively. Finally, Bernstein and Nelson (7) in an accurate anatomical study of the course of the temporal branch of the facial nerve concluded that "the temporal branch of the facial nerve lies within an area bounded by a line from the earlobe to the lateral edge of the eyebrow inferiorly and a second line from the tragus to the lateral coronal suture just above and behind the highest forehead crease: Yasargil (29) described three rami of the temporal branch of the facial nerve, with the middle (for the frontalis muscle) and anterior (for the orbicularis oculi and corrugator supercilii muscles) rami running in the subcutaneous tissue over the zygomatic arch, 1 ern anterior to the superficial temporal artery. The posterior ramus is for the anterior and superior auricular and tragus muscles.
Results of the present study
Our finding of the presence of the galea as a separate dissectable layer that thins out as the zygomatic arch is approached is in agreement with previous reports (14, 26, 28) . Other authors refer to this superficial connective tissue layer of the temporal region as the temporoparietal fascia or superficial temporJI fascia and describe it as being continuous superiorly, above the temporal region, with the galea, and inferiorly, below the zygomatic arch, with the superficial musculoaponeurotic system of the face (25) .
The present study has shown a significant variability in the course of the temporal branch 'of the facial nerve. This variability is demonstrated by the wide range of each of the points selected with respect to the reference line. This finding is in accord with previous reports (1, 6, 7, 20) . We have also found that the temporal branch of the facial nerve, when the parotidomasseteric fascia is pierced (always below the zygomatic arch), is at first located in the subcutaneous tissue because the galea does not extend below the zygomatic arch. However, above the arch, the temporal branch of the facial nerve is located deep to the galea, in the subgaleal space between the galea superficially and the superficial temporal fascia deeply. From there on, the terminal twigs of the temporal branch of the facial nerve penetrate the galea at different levels to reach their target muscles that are all located superficial to the galea.
Three fat pads were constantly individuated over the anterior portion of the temporalis muscle. The superficial one is located subgaleally and, therefore, in the same plane of the temporal branch of the facial nerve (Fig. 4) . The intrafascial fat pad is located in the duplication of the superficial temporal fascia (Fig.  4) , and the deep fat pad is located deep to the superficial temporal fascia, between this fascia and the temporalis muscle (Fig. 4) . . The intra fascial and the deep fat pad are located in a different, deeper plane than the temporal branch of the facial nerve and therefore do not have any relationship with the temporal branch, with the significant exception of an occasional twig of the temporal branch that runs intrafascially to distally penetrate the frontalis muscle later on.
Available techniques (and their pitfalls) to preserve the temporal branch of the facial nerve
The subgaleal dissection of a temporal scalp Oap is associated ,,'ith a high incidence of postoperative palsy of the temporal l,r;lnch of the facial nen'e, This is not surprising considering ::lat the temporal branch runs in the subgaleal space,
Reflecting the scalp and temporalis muscle together as a single layer (myocutaneous Oap) virtually eliminates the incidence of injury to the temporal branch of the facial nerve, at the expense, however, of compromised basal exposure resulting from the bulky temporalis muscle (29) , Yasargil (28, 29) proposed a subgaleal dissection up to the anterior one-fourth of the temporalis muscle where the dissection has to be deepened between the two layers of the superficial temporal fascia. The fat in between the two layers of the superficial temporal fascia marks the point where the dissection has to be deepened. This approach, although better than the subgaleal dissection, may still injure the temporal branch of the facial nerve in the subgaleal space because of the great variability along an anteroposterior line of the course of the terminal twigs of the temporal branch of the facial nerve. Furthermore, at times, as demonstrated by our study, there is a twig for the frontalis muscle that runs intrafascially just where the dissection, according to Yasargil's technique, has to take place, In addition confusion may arise between the subgaleal and the intrafascial fat pad. Obviously if one mistakes the subgaleal fat pad for the intrafascial one, injury to the temporal branch of the facial nerve is very likely. Moreover, it is relatively easy, when dissecting intrafascially, to 'slip' from the intrafascial into the subgaleal plane (Fig, 6) .
Recently Labbe et al. (18) described a surgical approach to the fronto-orbital and pterional region that detaches the temporalis muscle from the bone, using a subperiosteal, subtemporal cleavage plane. Although this approach is anatomically suited to preserve the temporal branch of the facial nerve, exposure is somehow compromised, as in the myocutaneous scalp Oap technique, because of the bulky temporalis muscle raised together with the scalp flap. In addition, zygomatic arch exposure is extremely difficult. FIGURE 6. When disscction is performcd in bctwcen the two laycrs of the superficial tcmporal fascia, it is easy, especi.llly bclow the zygomatic arch, to injure the temporal branch of the facial nerve.
FIGURE 7. Anatomical specimen shows the proposed surgical dissection raising a combined scalp-superficial temporal fascia flap. Note the generous exposure of the zygomatic arch and of the frontozygomatic bone and the forceps holding the superficial temporal fascia. The deep fat pad is also evident.
Practical implications of the present study
Our study has shown that a frontotemporal scalp dissection that raises the superficial temporal fascia together with the scalp starting posterior or immediately anterior to the superficial temporal artery stem (Fig. 7) has virtually no chance of injuring the temporal branch of the facial nerve, because this branch is always located superficial to this dissection plane (Figs. 3-5 ). An interfascial dissection, as proposed by Yasargil, may injure the temporal branch of the facial nerve either because it is technically incorrect when one mistakes the superfidal fat pad for the intrafasdal one or because of anatomical reasons. Anatomical reasons come into play when there is a recurrent twig for the frontalis muscle running in the intrafascial fat pad or when the terminal twigs of the temporal branch of the facial nerve run -in the subgaleal space posterior to the anterior one-fourth of the temporalis muscle.
The temporal branch of the facial nerve pierces the parotidomasseteric fascia below the zygomatic arch. This branch travels first in the subcutaneous tissue and then above the zygomatic arch, in the subgaleal space. The temporal branch divides into a frontal, a temporal, and a posterior ramus soon after it pierces the parotidomasseteric fascia. The course of the twigs of the temporal branch of the facial nerve in the subgaleal space displays a great degree of variability, with the location of the twigs being at times posterior to the anterior one-fourth of the temporalis muscle. Occasionally, a twig for the frontalis muscle may run in between the two layers of the superficial temporal fascia. Because of these findings (anteroposterior variability of the terminal twigs of the temporal branch of the facial nerve and recurrent intrafascial twig), Yasargil's interfascial dissection may at times fail. A combined frontotemporal scalp/ superficial temporal fascia dissection started posterior or immediately anterior to the superficial temporal artery is anatomically suited to preserve the temporal branch of the facial nerve.
